INTRODUCTION
Soybean chlorotic mottle virus (SoyCMV) is a member of the caulimovirus group of plant viruses [1] . The virus has been found only in Japan and exclusively in soybean. SoyCMV particles are spherical, about 50 run in diameter [2] and contain a single molecule of circular double-stranded DNA [3, 4) . They occur in electron-dense inclusion bodies in the cytoplasm [2) . The virus is readily transmitted by mechanical inoculation to a few other species of Leguminosae, while the natural vector remains unknown [2] . It is not serologically related to cauliflower mosaic virus (CaMV), carnation etched ring virus (CERV) or peanut chlorotic leaf streak virus (1) .
The viral DNA has been cloned and mapped with restriction endonucleases. These data showed that SoyCMV DNA has a size of approximately 8.2 kbp and contains three single-stranded discontinuities (gaps) typical of the caulimoviruses, one (Gl) in the ex (-) strand and two (G2 and G3) in the other (+) strand [4] . Three potential primer binding sites for reverse transcription of the viral DNA, a 12-nucleotide sequence complementary to the 3'-terminus of tRNA.
and two purine-rich sequences, were also detected near the gap sites. However, the physical map and hybridization analyses showed that SoyCMV DNA had no significant sequence homology with CaMV DNA [4] .
In this paper we report the complete nucleotide sequence of SoyCMV and compare this sequence with those of three other caulimoviruses, CaMV, CERV and figwort mosaic virus (FMV). In addition, we demonstrate that one of the promoter fragments of SoyCMV DNA had a strong expression activity comparable to that of the CaMV 35S promoter and discuss the structural differences between the two promoters.
MATERIALS AND METHODS

DHA sequencing
A full-length infectious clone of SoyCMV DNA (8.2 kbp) inserted into pSSac [4] was excised with SacI and digested with EcoRl, Hlndlll and Xbal, respectively. Each restriction fragment was subcloned into pUC118 or pUC119 [51. These subclones were stepwise deleted by exonuclease III digestion [6, 7] and single-stranded DNA templates were prepared for sequence determination [51. DNA sequencing was carried out according to the dideoxy chain termination method [8] with either £. coll DNA polymerase Klenow fragment or Sequenase (United States Biocheraicals). Computer analyses of nucleotide and amino acid sequences were performed on an NEC PC9801VM computer using a SDC-GENETIX program (version 6.12).
Construction of a GUS assay plasnld containing SoyCMV promoter JV
A 378 bp Hlndlll-Xbal fragment of ORF III (nucleotide no. 689-1066), named promoter IV fragment and containing a TATA box at approximately 300 nucleotides upstream of the first ATG of ORF IV, was excised from the full-length viral fragment. This fragment was inserted 5 1 proximal to the p-glucuronidase (GDS) gene of pBI 221 (Clontech Laboratories) [91, from which an approx. 800 bp Hindlll-Xbal CaMV 35S promoter fragment had been removed previously. The resulted chimeric plasmid was named pBI 241.
Transient expression assay by electrotransfectlon
Transfection of tobacco mesophyll protoplasts {Micotlana tabacuaL. cv. Xanthi NN) with the GUS assay plasmid was carried out according to the procedures for electrotransfection with TMV-RNA [10] , with the following modifications. A total of 1 x 10 protoplasts was suspended at approximately 5 x 10 /ml in 0.5 M mannitol with 100 uM MgCl_ and mixed with pBI 241 DNA at 20 to 40 ug/ml and carrier salmon sperm DNA at 50 ug/ml at 4°C. The protoplast suspension was exposed to five square DC pulses of 50 us duration at 800 V/cm in the electric field at a flow rate of 1.2 x 10 protoplasts/min at 4°C by a JASCO CET-100 continuous-flow electrotransfector. For comparison the plasmid pBI 221, containing the CaMV 35S promoter instead of the SoyCMV promoter IV, was also used. The transfected protoplasts were incubated for 36 hours at 25°C as described previously [11] . After incubation the protoplasts were collected by centrifugation, lysed with a Vortex mixer and prepared for the fluorometric enzyme assay [9] . GDS activity was measured using Hitachi F-4010 fluorescence spectrophotometer (exitation 365 nm, emission 455 nm) with a slit width of 1.5 nm.
RESULTS
DNA sequence
The complete nucleotide sequence of the (+) strand of SoyCMV DNA is shown in Figure 1 . The numbering begins at the 5' end of the putative (-) strand primer binding site (5'-TGGTATCAGAGC-3') near the Gl site. The G2 (nucleotide no. approx. 4700) and the G3 (nucleotide no. approx. 1170) sites are located in the vicinities of the two purine-rich sequences (5'-GAGGAGGG-3') according to our previous results [4] . The genome comprises 8,175 bp and has a GC content of 34.0%. Hence, it is longer than those of CaMV (8,016-8,032 bp) [12] [13] [14] , CERV (7,932 bp) [15] and figwort mosaic virus (FMV: 7,743 bp) [16] , while the GC content 
Coding rations
Computer analysis of the (+) strand predicts nine putative [12] , CERV [15] and FMV [16] were used for comparison.
open reading frames (ORFs) for proteins of more than 10 kDa (Figure 2 ) . Between ORFs VI and VII a large intergenic region (500 nucleotides) is present, while there is no intergenic region between ORF V and ORF VI. No ORF corresponding to more than 10 kDa is present in the (-) strand. The gene organization and the size of the ORFs resemble those of CaMV, CERV and FMV except that ORF I is split into two smaller ORFs, ORF la and Ib, and that ORF Ia starts upstream of Gl instead of downstream. Details of the nine ORFs in SoyCMV DNA are given in Table 1 . As with CaMV [13] and CERV [15] , ORFs Ia-VI and VIII have high lysine contents (molar ratios of 12.5, 10.0, 11.6, 11.4, 11.3, 10.1, 9.5 and 16.5%, respectively). ORF VII is characterized by a high isoleucine content (13.4%) and ORF III contains less proline (6.7%) than CERV ORF III [15] .
Comparison of amino acid ssguencas
The amino acid sequences of SoyCMV ORFs Ia-VIII were compared with those of CaMV (isolate Cabb S) ORFs I-VIII [12] , CERV ORFs 1-6 [15] and FMV ORFs I-IX [16] . The direct homologles between complete ORFs of SoyCMV and the respective ORFs of the other caulimoviruses were very low (less than 40%) as shown in Table  2 . However, some short regions in several ORFs showed high levels of homology. Figure 3 ). The 12 residues-long conserved sequence is located in the "transport domain" predicted for CaMV and CERV [15] , but the second 9 residues-long conserved sequence resides outside this domain. No other homologous regions were found either in SoyCMV ORF la or Ib. The putative molecular weight of the SoyCMV ORF la product (35 kDa) is similar to those of the ORF I products of CaMV, CERV and FMV (37, 36, and 37 kDa, respectively). ORF la and Ib were separated by a single in-frame stop codon.
ORF IV of SoyCMV showed a short region (amino acid no. 382-395) in which 11 out of 14 amino acids in the sequence (CWLCHEEGHYANEC) were identical to the "RNA binding domain" of the other caulimoviruses [15] [16] [17] [18] (Figure 4 ). This domain has the arrangement of CX 2 CX 4 HX 4 C, is referred to as the Cys motif or the zinc-finger, and is known to be a conserved sequence in the gagr proteins of retroviruses as well as in the coat proteins of CaMV, CERV and FMV. Another limited homologous region was found at approx. 160 residues upstream of this Cys motif (amino acid no. 220-230) where five out of 11 amino acids (CNMCYLENFLC) were conserved ( Figure 4 ). Furthermore, also the "Lys-rich core" (42% of lysine content in amino acid no. 332-379) and the "Glu+Asp rich entities" (23% of glutamic and asparatic acids content in ORF V contained many highly homologous regions to the corresponding ORFs of the other caulimoviruses ( Figure 5 ). There were two characteristic regions, one near the N-terminus (amino acid no. 34-42) and another in the middle (amino acid no. 358-365), in which five out of 9 amino acids in the sequence (YIDTGATLC) were identical to the "protease domain", and five out of 8 amino acids (YipDILIF) to the "reverse transcriptase domain" of the other caulimoviruses, respectively [15] [16] [17] .
ORF VI had a short limited homologous region (amino acid no. 241-247) to a part of the "highly conserved sequence" reported for the other caulimoviruses [161 where four out of 7 amino acids in the sequence (GLISYIY) were identical to the other viruses ( Figure 6 ). ORF Ib, II, III, VII and VIII were also compared with all ORFs of the other caulimoviruses, but no significant homology was found.
ffoncodlng region and putative promoter regions
The large, 500 bases-long noncoding region between ORF VI and VII was compared with the analogous regions of the other caulimoviruses. A TATA box (TATAAAT) and a TATA-like box (TATTAAA) existed at nucleotide no. 6147 and 6044, respectively. The sequence homology around these boxes to the "highly conserved sequence" of 25 nucleotides [16] was on the average 51% ( Figure 7) . A 37 bases-long sequence (nucleotide no. depicted in Figure 9 . The SoyCMV promoter IV contained CACAAT and TATATAA sequences, as did the CaMV 35S promoter. These sequences were almost equidistant in both promoters. The TATA box of promoter IV overlapped with a poly-A signal, AATAAA, but this signal was inactive in the GUS expression experiment described above. The sequence GTGG is a consensus part of the GTGGA/TA/TA/T sequence (GT motif) which is known as one of the animal transcriptional enhancer cores and found also upstream of the TATA box in the CaMV 35S promoter [20] . However, it was not detected either upstream or downstream of the TATA box of the SoyCMV promoter IV fragment nor in the more upstream region of this fragment in the viral DNA (nucleotlde no. 177-688). The TGACG motif which has been identified upstream of histone genes as well as within the CaMV 35S promoter [21] was also lacking in the SoyCMV promoter IV fragment. On the contrary, it was found that there were three characteristic regions which, at the RNA level, were highly homologous to a part of the translational enhancer signal reported for the 5'-leader sequence of tobacco mosaic virus (TMV) RNA [22] . These regions are located approximately 15, 60 and 85 nucleotides downstream of the TATA box in the promoter fragment (Figure 9 and 10) . Especially the third region (CDCUUAGAAGAACDADCUAAGAAAGAA, nucleotide no. 1010-1036) showed 63 % of homology with the 5'-terminal sequence of TMV-RNA (nucleotide no. 4-32 of OM strain [23] ). In addition, this sequence is characterized with a GAA repeat, while the corresponding region of TMV has a unique CAA repeat. The cores of these three possible "translational enhancer-like sequences", UUGCAAAA, AUACAAAA and UOAGAAGA, had 75 % Of homology to the corresponding TMV sequence. The first of these might have no significance because mRNA will be transcribed from approximately 25-30 nucleotides downstream of the TATA box, as in the case of CaMV 35S promoter. No translational enhancer-like sequences were found in the CaMV 35S promoter fragment. 
DISCUSSION
Based on the gene organization, size and putative ami no acid homology, each SoyCMV ORF was tentatively assigned to the corresponding ORFs of three other caulimoviruses, except for ORF Ib.
The product of CaMV ORF I is presumed to have important functions including cell-to-cell transport of the virus. It was reported that CaMV ORF I product had some limited homology to the 30K transport protein of TMV [15] . SoyCMV ORF la showed a consensus sequence (GNLKYGKMKFDV) for three other caulimoviruses. This sequence and a second, approx. 16 residues upstream, show some limited homology to the TMV 30K protein, as reported for the other caulimoviruses ( Figure 3 ). Another consensus sequence (YALSNSHHS) found in ORFs I appears at approx. 50 residues downstream of the above mentioned sequence. This consensus sequence has no homology with TMV 30K protein.
ORF Ib is unique for SoyCMV and the role of this gene is so far unknown.
CaMV ORF II encodes the aphid transmission factor [24, 25] . However, five species of aphids so far examined did not transmit SoyCMV, and the vector of this virus remains unknown [2] . Therefore, the product of SoyCMV ORF II might be inactive for aphid transmission or may have a different role as it shows no significant homology to any of the ORFs of the other caulimoviruses.
SoyCMV ORF IV shows only low amino acid sequence homology to the corresponding ORFs of the other caulimoviruses. This finding fits our previous observation that the virus particle has no serological relationship to that of other caulimoviruses [1] . Still this ORF is assumed to represent the coat protein gene since the derived total protein structure is similar to those of the other caulimoviruses and also contains a consensus Cys motif.
ORF V of SoyCMV exhibits high homology at deduced amino acid level to the corresponding ORFs V of the other caulimoviruses. The presumed protein product of this ORF contains a consensus "protease domain" and a "reverse transcriptase domain" at similar positions as found in ORFs V of the other caulimoviruses. These data strongly suggest that SoyCMV ORF V Assuming that SoyCMV has a promoter corresponding to the CaMV 19S promoter for the mRNA of ORF VI, it might be located in ORF V at approx. 550 nucleotides upstream of the first ATG of ORF VI. In that case, it will be quite different from the CaMV 19S promoter which is present in a small noncoding region at approx. 45 nucleotides upstream of ORF VI.
Using the GUS assay it was shown that the promoter IV fragment exhibited a strong activity. If this promoter is also active in vivo, it might be a promoter for the transcription of ORF IV, the putative coat protein gene, and possibly ORF V, the putative reverse transcriptase gene. Such promoter activity has not been reported for CaMV and other caulimoviruses, although two promoter-like signals are present in CaMV ORF III [31] . It was proposed that these CaMV promoter-like signals were probably not functional because of their location relative to known RNAs and ORFs [32] . Therefore, the SoyCMV promoter IV may be an extra promoter for the synthesis of other mRNA than the template RNA or the ORF VI mRNA.
In spite of a strong expression activity, comparable to that of the CaMV 35S promoter, the SoyCMV promoter IV does not contain any known transcriptional enhancer signals (GT motif), but, instead, contained two or three short homologous sequences to a part of the TMV RNA leader sequence (Figure 10) . A fragment of 67 nucleotides (ft 1 ; nucleotide no. 2-68) of the noncoding 5'-leader sequence of TMV RNA has been shown to enhance the translation of contiguous foreign gene transcripts In vitro and In vivo both in eukaryotes and prokaryotes [21] . The sequence of the first half of this fragment is conserved among the leader sequences of several THV strains. Enhanced translation was also reported for a 37-nucleotide fragment (nucleotide no. 1-37) of the noncodlng 5'-leader sequence of alfalfa mosaic virus (A1MV) RNA 4 that encodes the coat protein [33] . This A1MV fragment also has a sequence homologous to part of the Q' fragment at the same position indicated for the SoyCMV promoter IV (Figure 10) . Therefore it is possible that this homologous sequence might be one of the translational enhancer core signals, although some other factors like the secondary structures might relate to the translational enhancement. This signal was also detected downstream of all the other TATA boxes in the SoyCMV genome.
It is not clear in the present study why the SoyCMV promoter IV showed such a strong activity. One possibility is that another, unidentified transcriptional enhancer signal than the GT motif exists in the promoter fragment. Another possibility is that the transcripts through the promoter IV are efficiently expressed with the aid of translational enhancer-like sequences even if the transcriptional activity of the promoter is not strong enough.
In any case, the data on SoyCMV promoter IV presented here suggest that this promoter may be of a novel type, with functions and structures, which have not been reported for the other caulimoviruses.
Detailed analyses on the actual activities of the possible translational enhancer-like sequences in the SoyCMV promoter IV are now in progress as well as analyses on the activities of other potential promoter regions in the genome of this virus.
